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IRRIGATION  IN  THE  UNITED  STATES 


Iong  before  the  dawn  of  present-day  history,  ancient  tribes  of  the 
i  American  Southwest  built  large  canals  and  laterals  to  irrigate 
thousands  of  acres  of  land.  The  area  was  divided  into  family  or  tribal 
farms  in  a  manner  closely  resembling  our  modern  methods  of  subdivi- 
sion. Studies  of  these  regions  seem  to  indicate  that  those  ancient 
fields  were  carefully  leveled  and  watered  with  effective  results. 

In  more  modern  times,  our  first  irrigation  systems  were  very  simple. 
Early  settlers  diverted  the  waters  of  a  stream  to  a  hay  meadow  or 
down  rows  of  corn  or  garden  vegetables.  Only  the  most  favorably 
located  lands  were  irrigated,  and  seldom  were  more  than  one  or  two 
farms  served  from  a  single  canal. 

As  time  went  on,  larger  systems  were  constructed  which  could  serve 
several  hundred  farms.  The  best  engineering  talent  in  the  country 
was  employed  to  design  great  dams,  spillways,  canals,  and  related 
structures.  The  science  of  water  storage  and  transportation  to  the 
land  developed  rapidly.  Little  thought  was  given,  however,  to  clear- 
ing of  the  native  growth,  leveling  the  land  surface,  plotting  fields,  and 
laying  out  farm  distribution  and  drainage  systems,  all  of  which  are 
important  parts  of  the  expensive  and  technical  job  of  getting  raw  land 
into  crop  production. 

The  farmers  themselves  have  developed  by  trial  and  error  many 
good  systems  of  water  distribution  and  many  good  types  of  simple 
structures  and  equipment,  some  of  which  are  described  in  this  publica- 
tion. In  many  sections  of  the  West,  however,  primitive,  laborious, 
and  wasteful  methods  of  water  application  are  still  in  use. 

Complete  land  development  for  irrigation  means  not  only  clearing 
and  leveling,  but  also  the  construction  and  installation  of  control 
structures  and  the  excavation  of  irrigation  and  drainage  ditches.  Mod- 
ern methods  of  land  development  involve  careful  planning,  designing 
and  supervision  by  trained  technicians,  as  well  as  the  use  of  heavy-duty 
earth-moving  equipment.  The  use  of  such  equipment  does  away  with 
the  high  costs  per  acre  and  long  periods  of  lost  crop  production  which 
the  farmer  usually  encounters  when  he  trys  land  development  on  a 
large  scale,  using  small-capacity  implements. 


DEVELOPMENT  OF  LAND  FOR  IRRIGATION 

The  ground  surface  as  prepared  by  Mother  Nature  is  seldom  suited 
to  efficient  application  by  gravity  methods.  The  extent  to  which  the 
ground  surface  may  be  leveled  for  irrigation  depends  on  the  cost  of 
leveling  and  the  depth  of  the  soil.  Heavy  leveling  requiring  cuts  of  a 
few  feet  may  be  justified  when  the  soil  is  deep,  where  the  price  of  water 
is  high,  where  high  value  crops  are  grown  and  the  leveling  can  be 
done  by  heavy  duty  equipment  to  keep  down  the  per  acre  cost  of  level- 
ing. Some  soils  are  so  shallow  and  the  subsoil  so  infertile  that  little, 
if  any,  leveling  can  be  done  profitably.  Some  leveling  usually  is 
necessary  in  all  irrigation  farming. 

AIDS  TO  IRRIGATION 

In  irrigation  farming  the  first  problem  to  consider  is  that  of  bring- 
ing water  to  the  land,  and  then  getting  the  land  ready  for  irrigation. 
This  publication,  however,  is  for  the  farmer  to  use  when  he  already 
has  his  supply  of  water  and  the  work  of  land  development  has  been 
accomplished.  It  is  a  booklet  of  simple  drawings  and  description 
of  practical  methods  and  easily  made  tools,  equipment,  and  structures 
to  use  in  the  actual  work  of  irrigating  crops. 

Most  of  the  irrigation  practices  and  the  designs  for  equipment  and 
structures  shown  in  this  booklet  are  not  new.  Through  years  of  ex- 
perience farmers  have  developed  many  good  types  of  simple  equip- 
ment and  structures  to  help  them  irrigate  their  land.  Some  of  these 
are  described  here.  In  some  cases  the  good  points  of  several  designs 
have  been  put  together  and  a  new  one  developed.  The  various  de- 
signs and  methods  shown  are  the  result  of  the  combined  experience 
of  practical  irrigators,  irrigation  engineers,  and  others  who  have 
studied  the  art  of  applying  water  to  the  land. 

The  drawings  and  descriptions  in  this  publication  fall  into  three 
groups :  water  application,  structures,  and  equipment.    Some  United 
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States  Department  of  Agriculture  publications  which  also  may  prove 
helpful  to  the  irrigation  farmer  are  listed  below : 

The  Drainage  of  Irrigated  Farms Farmers'  Bulletin  No.    805 

Irrigation  Practices  in  Growing  Alfalfa Farmers'  Bulletin  No.  1630 

Supplemental  Irrigation Farmers'  Bulletin  No.  1846 

Small  Irrigation  Pumping  Plants Farmers'  Bulletin  No.  1857 

Practical   Irrigation Farmers'  Bulletin  No.  1922 

Irrigation  of  Sugar  Beets  Grown  for  Seed Farmers'  Bulletin  No.    658 

Drainage  in  Arid  Regions Yearbook  Separate  No.  1648 

HOW  WATER  IS  APPLIED  TO  CROPS 

Water  is  applied  to  the  soil  in  many  ways.  The  best  method  to  use 
in  particular  cases  depends  on  topography,  character  of  the  soil,  the 
water  supply,  kind  of  crop  and  the  owner's  experience.  Irrigation 
practices  vary  in  different  parts  of  the  country  and  even  on  farms  in 
the  same  community.  In  too  many  cases  all  the  farmers  in  a  com- 
munity use  the  same  methods  regardless  of  their  suitability  to  the 
diverse  conditions  usually  present  in  many  large  areas.  The  method 
of  irrigation  should  be  decided  on  and  the  operations  planned  accord- 
ingly before  the  farm  distribution  system  is  laid  out,  the  preparation 
of  land  for  irrigation  is  started,  or  perennial  crops  or  trees  are  planted. 

Difference  in  soils  has  a  great  influence  on  water  use.  While  it  is 
probable  that  crops  grown  on  sandy  soil  do  not  actually  use  any  more 
water  than  similar  crops  grown  on  heavier  soils,  the  difficulty  of  pre- 
venting waste  from  percolation  through  the  lighter  soils  makes  it 
almost  impossible  for  light-soil  crops  to  get  along  with  as  small  an 
irrigation  supply  as  that  given  to  others. 

Water  may  be  applied  to  crops  either  by  gravity  methods,  that  is,  by 
allowing  it  to  flow  onto  the  land,  or  by  sprinkler  system,  which  requires 
the  use  of  pipes  and  a  certain  amount  of  pressure.  Only  gravity 
methods  will  be  discussed  in  this  publication. 

Delivery  of  water  from  the  main  canal  or  lateral  usually  is  made  at 
one  or  more  high  points  on  each  farm  unit.  Some  type  of  water- 
measuring  device  may  be  installed  at  these  delivery  points,  as  shown 
in  figures  16  and  17,  or  a  more  complicated  type,  not  shown  here,  may 
be  used.  On  individual  farms  accurate  measurements  of  irrigation 
water  are  being  applied  to  different  fields  and  avoid  under-irrigation 
or  over-irrigation  and  waste.  Since  irrigation  water  is,  on  many 
farms,  a  major  item  of  expense,  either  directly  on  a  measured  basis  or 
indirectly  through  power  bills  for  pumping,  good  farm  management 
requires  that  it  be  measured  accurately.  From  the  point  of  delivery 
the  supply  is  carried  to  various  fields  by  a  system  of  farm  laterals. 


In  some  areas  it  is  common  practice  to  consider  these  laterals  as 
permanent  and  to  leave  them  in  place  year  after  year.  The  undis- 
turbed ditchbanks  provide  a  breeding  place  for  grasshoppers,  crickets, 
and  other  destructive  insects  and  vermin,  and  provide  a  harbor  for 
weeds  and  brush.  Modern  practice  demands  the  plowing-in  of  these 
laterals  at  least  once  each  year  to  destroy  insects,  vermin,  and  weeds. 

Figure  1  shows  various  methods  of  applying  irrigation  water  to  field 
crops.  Row  crops  are  irrigated  by  furrows  and  borders,  as  shown 
in  the  upper  left-hand  corner  of  the  figure.  Close  growing  crops  such 
as  alfalfa  are  irrigated  by  border  strips,  corrugations  or  contour 
ditches  as  shown  in  the  central  part  of  the  figure  or  by  basins  or  border 
ditches,  as  shown  in  the  lower  part  of  the  figure.  Any  one  or  a  combi- 
nation of  the  several  methods  may  be  best  suited  to  an  individual  farm. 
The  various  methods  of  irrigating  different  crops  are  shown  in  more 
detail  in  figures  2  to  15,  inclusive,  along  with  details  of  the  structures 
used. 

IRRIGATION  OF  ROW  CROPS 

Irrigation  of  row  crops  usually  is  accomplished  by  allowing  water 
to  run  down  the  furrow  between  rows.  Field  laterals  are  carried 
across  the  slope,  as  shown  in  figure  1,  and  water  is  distributed  to  the 
rows  by  various  methods  shown  in  figures  2  to  8,  inclusive.  The  de- 
tails and  application  of  each  method  are  depicted  in  the  various 
figures. 

To  divert  water  from  a  field  lateral,  it  is  usually  necessary  to  use 
some  type  of  check  dam  to  raise  the  water  level.  In  figure  2  are  shown 
two  types  of  check  dams.  The  metal-type  check  made  of  16-gage 
galvanized  iron  is  popular  with  irrigation  farmers.  It  is  ordinarily 
provided  with  an  adjustable  gate  to  bypass  part  of  the  supply.  In 
light  sandy  soils  it  may  be  necessary  to  use  a  sack  on  the  downstream 
side  to  prevent  erosion  as  water  flows  through  the  gate.  The  canvas 
check  is  light  and  easily  moved  from  place  to  place.  The  type  shown 
is  made  with  an  outlet  boot  to  bypass  a  part  of  the  flow.  The  regula- 
tion is  accomplished  by  opening  or  closing  the  drawstring.  A  few 
shovels  of  earth  on  the  upstream  side  hold  the  canvas  in  position. 

Accurate  control  of  flow  of  irrigation  water  to  row  crops  is  very 
important  under  many  conditions.  The  use  of  check  dams,  take-out 
boxes,  and  lath  boxes  or  other  forms  of  spiles  permits  accurate  con- 
trol of  head  and  saves  labor.  Some  irrigators  cut  the  ditchbank  with 
a  shovel,  allowing  water  to  flow  into  the  rows,  with  no  method  for  con- 
trolling it.  This  practice  usually  results  in  some  rows  receiving  too 
much  water  and  others  not  enough.    In  certain  soils  and  on  some 
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slopes  heavy  erosion  is  likely  to  occur  between  rows.  By  using  the 
methods  herein  described  the  water  supply  can  be  controlled  accurately 
and  the  operator  can  handle  large  heads  of  water  with  a  minimum 
of  effort  and  with  effective  results. 

Figure  3  shows  irrigation  of  row  crops  from  a  field  lateral,  using 
secondary  ditch  take-out  and  lath  boxes.  Water  enters  the  field 
through  the  field  lateral  and  is  shown  running  from  left  to  right,  or 
away  from  the  observer.  The  secondary  ditch  is  made  either  with 
a  plow  or  some  form  of  ditcher.  Small  earth  dams  or  checks  are 
placed  in  secondary  ditch  as  shown.  The  spacing  depends  upon  the 
fall  in  the  field  laterals.  The  steeper  the  slope,  the  shorter  the  dis- 
tance between  the  dams.    General  directions  follow : 

1.  The  metal  check  dam  or  canvas  dam  at  A  is  set  in  the  field  lateral 
in  order  to  raise  the  water  so  that  it  may  be  diverted  from  the  field 
lateral  to  the  secondary  ditch  at  R.  When  the  level  is  high  enough, 
the  bypass  gate  in  the  metal  check  is  opened  to  let  the  excess  water 
pass  on  down  the  field  lateral. 

2.  The  ditchbank  is  next  cut  with  a  shovel,  and  the  take-out  box 
at  D  is  placed  as  shown.  The  box  is  well  sealed  with  mud  to  keep  it 
from  leaking.  The  gate  in  the  take-out  box  is  opened  to  permit  water 
to  enter  the  regulation  bay  H. 

3.  Water  standing  in  the  secondary  ditch  will  form  a  foam  line. 
This  foam  line  can  be  used  as  a  guide  in  setting  the  lath  boxes  or  spiles 
at  a  given  level.  Each  lath  box  should  be  set  as  near  level  as  possible 
and  close  to  the  ground  in  the  row.  Each  box  must  be  sealed  around 
with  mud.  A  lath  box  is  generally  set  for  each  row,  although  where  a 
small  head  is  wanted,  one  box  may  serve  two  rows.  There  is  less 
danger  of  the  lath  boxes  getting  clogged  with  trash  if  the  water  in  the 
secondary  ditch  is  kept  above  the  level  of  the  top  of  the  boxes. 

4.  One  take-out  box  will  ordinarily  serve  from  12  to  20  lath  boxes. 
The  gate  in  the  take-out  box  is  opened  to  allow  the  desired  flow  of  water 
through  the  lath  box.  The  amount  of  water  flowing  through  the  lath 
box  will  depend  on  the  height  of  the  water  above  it.  The  gate  in  the 
check  dam  at  A  is  then  accurately  set  to  maintain  the  proper  head  in  the 
field  lateral. 

5.  After  one  secondary  ditch  has  been  set,  the  same  process  is  re- 
peated in  the  second  ditch  as  shown  at  /,  and  so  on  until  the  entire  head 
in  the  field  lateral  is  used. 

Take-out  Boxes 

Take-out  boxes  are  used  to  run  water  through  the  bank  of  a  lateral 
to  a  secondary  ditch  and  to  control  the  flow.     In  the  design  shown  in 


figure  4  is  a  closed-type  take-out  box.  The  side  pieces  of  1"  x  6" 
material  are  cut  6"  shorter  than  the  top  and  bottom  pieces.  One  of 
the  6"  x  6"  blocks  is  nailed  in  the  outlet  end  to  form  two  side  open- 
ings. Water  flowing  from  the  two  side  openings  prevents  erosion 
of  the  opposite  bank.  By  raising  and  lowering  the  metal  door  at 
the  entrance  end  of  the  box,  the  flow  of  water  into  the  secondary 
ditch  can  be  controlled. 

Lath  Boxes 

Spiles  are  used  to  run  water  through  the  secondary  ditch  bank  to  the 
rows.  There  are  many  forms  of  spiles  in  use  in  irrigated  sections  but 
the  lath  box  here  shown  is  both  cheap  and  convenient.  It  is  made  by 
nailing  four  full  length  laths  together  as  shown  in  figure  4  and  sawing 
at  the  center  to  form  two  boxes  each  about  2  feet  long.  The  laths  are 
staggered  at  the  entrance  and  to  prevent  clogging  with  leaves  or  trash. 
It  is  advisable  to  use  galvanized  nails  and  to  treat  the  boxes  with  creo- 
sote or  to  soak  them  24  hours  in  used  crankcase  oil. 

In  irrigation  of  row  crops  the  use  of  the  closed-type  take-out  box, 
secondary  ditch,  and  lath  boxes,  permits  a  uniform,  controlled  distribu- 
tion of  water  to  each  row  and  is  more  saving  of  labor  than  the  old 
method  of  cutting  the  ditchbank  and  attempting  to  guide  water  into 
each  row  with  a  shovel. 

Approximate-contour  Method 

It  is  sometimes  desirable  to  carry  a  lateral  down  the  side  of  a  field 
and  to  run  the  water  across  the  slope  approximately  on  the  contour. 
Figure  5  shows  this  method  of  irrigation.  Check  clams  such  as  those 
shown  at  points  A  and  B  are  used  as  drops  and  are  spaced  according 
to  the  steepness  of  the  slope. 

A  number  of  small  checks,  which  may  be  made  with  shingles,  are 
placed  in  the  secondar}'  ditch.  Small  earth  dams  may  also  be  used 
at  intervals  in  the  secondary  ditch.  To  help  in  obtaining  a  balance  of 
water  in  the  various  parts  of  the  secondary  ditch,  a  lath  box,  as  shown 
at  67,  may  be  placed  through  the  earth  dams. 

The  take-out  boxes  are  placed  just  above  the  check  dam  in  order  to 
take  advantage  of  the  greater  depths  of  water  at  that  point.  The  lath 
boxes  are  set  through  the  bank  of  the  secondary  ditch. 

Row  Crops  With  Turnrow 

Arrangements  for  irrigating  row  crops  will  vary,  depending  upon 
location,  type  of  crop,  soil,  and  so  on.    When  crops  are  planted  which 
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will  need  cultivation  during  the  irrigating  season,  a  turnrow  is  some- 
times used  between  the  field  lateral  and  the  secondary  ditch  to  give 
the  irrigator  room  for  turning  equipment.  Figure  6  shows  the  layout 
of  the  field  lateral  and  the  secondary  ditch  with  a  turnrow  between. 
Note  that  the  take-out  box  is  turned  so  that  the  gate  end  is  towards 
the  secondary  ditch  and  can  be  regulated  from  that  side. 

Irrigation  of  Row  Crops  by  Means  of  Siphon  Tubes 

An  arrangement  for  irrigating  row  crops  by  use  of  siphon  tubes  is 
shown  in  figure  7.  Siphon  tubes  made  of  light  metal  or  plastics  are 
sometimes  used  to  run  water  from  a  field  lateral  to  furrows  for  irriga- 
tion of  row  crops.  Some  irrigators  prefer  this  method,  since  it  is  not 
necessary  to  cut  the  ditchbank  to  place  tubes  and  the  use  of  a  secondary 
ditch  is  not  required.  It  has  the  disadvantage  of  being  difficult  to 
regulate,  and  if  flow  in  the  lateral  is  interrupted  the  siphon  action  in 
all  tubes  must  be  started  again. 

The  siphon  action  is  started  as  follows : 

1.  The  tube  is  filled  with  water  by  submerging  it  in  the  canal. 

2.  The  hand  is  placed  over  one  end  and  the  tube  set  in  position,  as 
shown  in  the  drawing. 

3.  When  the  hand  is  removed  the  flow  may  be  adjusted  by  raising 
or  lowering  the  discharge  end. 

4.  The  intake  end  of  the  tube  should  be  placed  far  enough  under 
water  to  eliminate  clogging  by  floating  trash. 

SUPPLYING  WATER  TO  DITCHES  BY 
UNDERGROUND  PIPE 

Sometimes  water  is  supplied  by  an  underground-pipe  system  with 
outlets  through  orchard  or  alfalfa  valves.  "Water  flowing  from  the 
alfalfa  or  orchard  valve  onto  sandy  soil  will  often  erode  the  ditch- 
bank  as  it  flows  into  the  ditch.  One  satisfactory  method  of  eliminat- 
ing erosion  and  directing  water  into  the  ditch  is  by  use  of  a  top  box. 
The  top  box  is  enclosed  on  three  sides  and  is  fitted  around  the  valve 
and  riser  pipe  high  enough  above  the  ground  so  that  the  water  will 
not  run  over  the  top  of  the  box.  As  the  water  is  released  from  the 
valve  it  enters  the  ditch  through  the  side  opening  in  the  box.  The 
boxes  are  portable  and  can  be  moved  from  place  to  place.  Figure  8 
shows  top  boxes  in  place  and  also  a  drawing  of  the  box.  A  table  with 
the  drawings  gives  the  dimensions  of  various  size  boxes  needed  for 
valves  of  different  sizes. 


IRRIGATION  BY  USE  OF    GATED  SURFACE  PIPE 

Land  is  sometimes  irrigated  by  using  an  underground-pipe  supply 
system  and  gated  surface  pipe.  This  method  is  used  in  parts  of  the 
country  where  there  are  high  crop  returns  per  acre.  The  system  is 
expensive  to  install  but  has  several  advantages.  It  can  be  used  on 
rolling  topography  where  ditches  often  would  not  be  practical.  The 
use  of  gated  surface  pipe  makes  a  saving  in  labor  costs. 

Figure  9  illustrates  this  method  of  irrigation.  The  water  is  turned 
into  the  main  supply  pipe  A.  ValveZ?  is  partly  or  completely  closed. 
Valve  C  is  opened,  and  water  runs  into  the  supply  pipe  to  hydrants. 
The  metal,  gated,  surface  pipe  is  joined  together  and  connected  to 
the  portable  or  permanent  hydrant  D.  As  the  hydrant  D  is  opened, 
water  flows  into  the  portable  pipe  E.  Water  is  released  from  the  pipe 
into  the  furrows  by  means  of  adjustable  metal  gates.  In  practice  the 
lower  end  of  the  field  is  irrigated  first,  the  operation  progressing  up- 
hill so  there  will  be  dry  soil  upon  which  to  work  when  laying  the 
surface  pipe. 

IRRIGATION  OF  CLOSE-GROWING  CROPS 

Close-growing  crops  such  as  small  grain,  sorghums,  and  alfalfa, 
may  be  watered  by  border  dikes  or  corrugations  (fig.  10)  or  by 
contour  ditches  (fig.  12).  As  in  the  case  of  row  crops,  control  oi 
the  supply  is  important  if  best  results  are  to  be  obtained  with  the 
least  effort.  Corrugations  are  best  adapted  to  steep  slopes  and  contour 
ditches  to  land  with  an  irregular  surface  and  no  well  defined  slope 
direction. 

On  fields  with  uniform  slopes  of  less  than  3  feet  per  100  feet,  border 
dikes  may  be  used  to  good  advantage.  The  spacing  of  dikes  will 
vary  with  conditions  of  soils,  slope,  and  the  head  of  water  available. 
Under  average  conditions  a  spacing  of  40  to  50  feet  will  be  found 
sufficient.  It  is  very  important  that  the  dikes  run  directly  down  the 
slope  and  that  the  ground  surface  between  them  be  well  leveled. 
When  contour  ditches  are  used,  the  original  lay-out  must  be  carefully 
done.  The  spacing  between  ditches  varies  from  200  feet  on  slopes  of 
5  to  8  feet  per  100,  to  400  feet  or  more  on  heavy  soils  with  slopes  of 
1  foot  per  100  feet  or  less. 

Much  of  the  drainage  trouble  experienced  in  many  irrigated  sections 
is  caused  by  excessive  use  of  irrigation  water.  Streams  are  allowed  to 
run  down  rows  or  between  border  dikes  and  out  into  road  ditches  for 
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hours  longer  than  is  necessary.  As  a  result  of  improper  spacing  of 
field  laterals  some  parts  of  a  field  are  overirrigated,  causing  a  rise 
in  the  underground  water  level.  Figure  13  illustrates  a  method  of 
irrigating  row  crops  in  which  excess  water  is  gathered  in  other  field 
laterals  and  redistributed  to  other  parts  of  the  same  farm.  The  same 
principle  here  illustrated  may  be  employed  when  using  border  ditches, 
border  dikes,  or  corrugations.  The  fact  that  an  irrigator  has  a  legal 
right  to  a  certain  quantity  of  water  should  not  influence  him  to  use 
it  wastefully  with  loss  to  himself  and  the  community  at  large. 

Corrugation  Method 

The  corrugation  method  of  irrigation,  shown  in  figure  10.  is  used 
for  watering  close-growing  crops  on  steep  slopes  or  for  new  fields 
which  have  not  been  completely  leveled.  The  corrugations  are  made 
with  a  corrugator,  such  as  that  shown  in  figure  26. 

Border-dike  Method 

The  border-dike  method  of  irrigation  (fig.  10)  is  used  for  watering 
close-growing  crops  such  as  small  grain  and  hay  on  slopes  which  do 
not  exceed  2  to  3  feet  per  100  feet.  The  dikes  which  guide  the  water 
down  the  border  are  built  with  the  border  drag  shown  in  figure  28 
or  with  special  machines.  The  dikes  are  laid  out  down  the  steepest 
slope  and  the  strip  leveling  is  done  with  the  leveler  float  (fig.  24) .  but 
it  may  be  finished  with  the  buck  scraper  (fig.  23).  used  after  the 
water  is  turned  in  and  the  high  and  low  spots  show  up.  Water  is  run 
onto  the  border  strip  from  the  field  lateral  through  open  type  outlet 
boxes  which  are  described  in  figure  11. 

Open-Type  Outlet  Box 

The  open -type  outlet  box  shown  in  figure  11  is  used  primarily  for 
diverting  water  into  the  upper  end  of  the  border  strip  from  a  field 
lateral.  The  gate  in  the  box  can  be  raised  or  lowered  to  control  the 
flow  from  the  field  lateral  to  the  border  strip.  Using  the  outlet  box 
is  much  better  than  just  making  a  cut  in  the  lateral  bank.  Water 
flowing  through  a  cut  in  the  ditchbank  causes  erosion  and  is  hard  to 
control.  The  outlet  box  provides  a  means  of  controlling  the  flow  of 
water  and  prevents  erosion.  Structures  of  this  type  should  be  nailed 
with  galvanized  or  cement-coated  nails. 

Check  Boxes 

In  addition  to  the  temporary  checks  shown  in  figure  2,  it  is  often 
desirable  to  have  permanent  checks  installed  in -canals  and  field  laterals 


at  points  where  diversions  are  made.  The  check  box  shown  in  figure 
11  is  made  of  creosote-treated  material  nailed  together  with  galvanized 
cement-coated  nails.  It  is  provided  with  small  check  boards  which 
permit  any  desired  head  to  be  carried  in  the  lateral.  Earth  must  be 
tightly  compacted  around  the  structure  if  undercutting  is  to  be 
prevented. 

Contour-Ditch  Irrigation 

The  use  of  contour-ditch  irrigation  is  favored  in  many  sections  for 
watering  small  grain,  pasture,  and  hay  on  irrigation  slopes  in  excess 
of  2  or  3  percent.  The  success  of  the  system  depends  upon  the  care 
with  which  the  contour  laterals  are  placed.  It  is  customary  to  build 
the  ditches  across  the  slope  with  no  grade  or  with  less  than  one-tenth 
of  1  foot  per  100  feet.  The  contour  ditch  method  is  illustrated  in 
figure  12. 

In  some  cases  water  is  brought  to  the  land  directly  from  the  contour 
ditch.  A  better  method  consists  of  placing  a  furrow  on  the  lower  side 
of  the  contour  ditch  throwing  the  furrow  slice  uphill.  The  flow  is 
diverted  from  the  contour  ditch  to  the  furrow  by  means  of  take-out 
boxes.  Water  spilling  over  the  lip  of  the  furrow  pours  down  over 
the  slope  in  a  uniform  sheet  if  the  system  has  been  carefully  laid  out 
and  constructed. 

USE  OF  EXCESS  WATER  IN  IRRIGATION 

It  is  the  practice  on  many  irrigated  lands  to  let  a  head  of  water  run 
through  rows  or  borders  and  be  wasted  at  the  lower  end  of  the  field  by 
running  into  roadside  ditches  or  elsewhere.  This  is  a  common  cause 
of  poor  drainage  on  the  land,  and  it  wastes  time  and  money.  Care 
in  planning  the  arrangement  of  fields  and  pasture  and  laying  out 
irrigation  systems  can  save  both  water  and  labor. 

Figure  13  shows  how  an  irrigation  system  may  be  laid  out  for  greater 
use  of  irrigation  water.  A  set  may  be  made  at  A  and  rows  irrigated 
from  lateral  D  down  the  slope  toward  lateral  E.  The  waste  water  is 
collected  above  lateral  E  and  cut  into  it  at  X.  This  excess  water  is 
used  to  irrigate  additional  rows  at  B  and  the  excess  water  used  at  C. 
The  same  practice  may  be  applied  in  the  ease  of  border  or  corrugation. 
By  careful  arrangement  of  fields  and  pasture  the  waste  water  from 
one  portion  of  the  farm^may  be-economically  applied  elsewhere. 
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CONTOUR-FURROW  METHOD  OF  ORCHARD 
IRRIGATION 

The  planting  of  orchard  rows  approximately  on  the  contour  in- 
creases the  efficiency  with  which  irrigation  water  may  be  applied  and 
eliminates  a  serious  erosion  problem.  In  some  cases  underground 
pipe  lines  have  been  installed  to  deliver  water  to  furrows,  as  shown 
in  figure  14. 

The  supply  from  the  pipe  line  is  controlled  by  a  valve  which  is  hand 
operated.  The  division  of  the  flow  to  the  furrows  is  made  by  means 
of  small  check  clams  and  lath  boxes. 

The  furrows  between  tree  rows  may  be  made  with  the  torpedo-type 
furrow  opener  shown  in  figure  27,  page  — . 


APPLICATION  OF  WATER  IN  ORCHARDS  ON 
BENCH  TERRACES 

The  planting  of  orchards  in  contour  bench  terraces  on  steep  slopes 
prevents  erosion  and  saves  labor  in  applying  irrigation  water.  The 
width  of  benches  depends  on  the  spacing  of  tree  rows  and  also  some- 
what on  the  slope. 

Irrigation  water  may  be  supplied  by  a  canal  provided  with  a  series 
of  drops  and  outlet  boxes  or  by  means  of  a  pipe  line. 

In  figure  15  the  canal  is  shown  with  drop  structures  (fig.  18)  and 
open-type  outlet  boxes  (fig.  11).  Each  bench  may  be  sloped  slightly 
toward  the  hill  to  provide  a  channel,  or  a  series  of  furrows  may  be 
used  (fig.  14).  Care  must  be  used  to  provide  a  protected  channel 
for  removal  of  excess  irrigation  water,  or  serious  erosion  may  result. 


IRRIGATION  STRUCTURES 


Farm  irrigation  structures  consist  of  water-measuring  devices, 
drops,  flumes,  spiles,  checks,  and  division  boxes.  Wooden  structures 
sometimes  are  preferred  in  temporary  farm  ditches  because  they  can 
be  removed  easily  when  it  becomes  necessary  to  clean  the  ditch  or  to 
plow  the  banks  to  destroy  insects  or  weeds.  The  use  of  well-designed 
and  well-placed  structures  may  save  a  great  deal  of  labor.  Measuring 
devices  allow  an  irrigation  farmer  to  know  how  much  water  is  being 
applied  and  to  determine  if  he  is  receiving  his  full  allotment.  Drops 
in  a  ditch  line  prevent  erosion  while  take-out  boxes,  checks,  and  divi- 
sion boxes  aid  greatly  in  the  everyday  tasks  of  handling  water. 

In  addition  to  the  larger  farm  structures  mentioned,  there  are  many 
minor  ones,  such  as  lath  boxes  or  spiles,  take-out  boxes,  and  metal  and 
canvas  checks  (figs.  2  and  4) ,  all  of  which  aid  the  irrigator  in  making 
a  uniform  distribution  of  water  in  quantities  suited  to  the  conditions 
at  hand. 

RECTANGULAR  WEIR 

The  rectangular  weir  shown  in  figure  16  is  an  easily  constructed 
measuring  device  for  determining  the  amount  of  water  used  by  an 
irrigator.  Unless  certain  general  rules  are  followed  in  its  use  and 
construction,  accurate  results  will  not  be  obtained. 

The  wall  of  the  weir  should  be  set  plumb  vertically  and  level  hori- 
zontally, as  well  as  at  right  angles  to  the  direction  of  flow  of  the  stream. 
It  shoud  be  placed  in  a  part  of  the  channel  which  is  straight  for  a 


distance  of  25  feet  upstream.  In  order  that  water  shall  not  approach 
the  weir  at  a  velocity  of  more  than  %  foot  per  second,  it  may  be  neces- 
sary to  widen  the  cross  section  of  the  channel  somewhat,  as  shown  in 
figure  16. 

The  height  of  the  crest  or  bottom  of  the  weir  notch  above  the  stream 
bed  on  the  upstream  side  of  the  weir  should  be  at  least  twice  the  head 
to  be  measured.  In  other  words,  D  should  equal  two  times  H.  The 
distance  from  the  sides  of  the  weir  notch  to  the  sides  of  the  bank  should 
be  at  least  twice  the  head  to  be  measured,  or  two  times  H. 

A  rule  or  scale  for  measuring  the- head,  H,  may  be  attached  to  a 
stake  set  at  the  side  of  the  channel  and  some  distance  upstream.  The 
0  point  on  the  scale  should  be  set  on  a  level  with  the  weir  crest,  as 
shown.  This  may  be  done  with  an  engineer's  level  or  a  straightedge 
and  a  carpenter's  level. 

Ordinarily  this  type  of  weir  should  not  be  combined  with  outlet 
boxes,  drops,  or  other  structures  for  best  results.  A  collection  of  silt 
on  the  upstream  side  of  the  weir  will  affect  accuracy  of  results. 

To  measure  flow  over  the  weir,  read  the  depth  indicated  on  the  scale 
in  decimals  of  a  foot,  or  in  inches.  Read  the  flow  in  cubic  feet  per  sec- 
ond or  gallons  per  minute,  directly  from  the  table  in  figure  16. 

PARSHALL  FLUME 

The  Parshall  flume  shown  in  figure  17  is  a  commonly  used  measuring 
device  for  determining-  the  amount  of  water  flowing-  in  a  canal  or 
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lateral.  It  should  be  located  in  the  center  of  the  channel  with  the 
upper  floor  set  level.  Dirt  should  be  thoroughly  tamped  around  it  or 
undercutting  will  result. 

To  measure  the  quantity  of  water  flowing  through  the  flume,  read 
the  depth  of  water  on  the  rule  or  scale  in  decimals  of  a  foot  or  in  inches. 
Then  from  the  table  in  figure  17  read  the  flow  in  cubic  feet  per  second. 
To  find  the  flow  in  gallons  per  minute  multiply  cubic  feet  per  second 
by  448.83. 

DIVISION  BOX 

In  addition  to  a  measuring  device  at  the  point  where  the  water  flows 
onto  the  farm  from  the  main  canal  or  lateral,  or  at  other  points  where 
water  is  to  be  turned  into  ditches  running  in  several  directions,  a 
division  box  may  be  installed.  A  three-way  division  box  is  shown  in 
figure  18.  The  type  shown  here  is  of  creosoted  lumber  and  is  not  as 
permanent  as  one  built  of  masonry,  but  it  has  the  advantage  of  being 
more  or  less  easy  to  move.  Wet  earth  must  be  tightly  compacted 
around  the  walls  of  such  structures  or  undercutting  is  sure  to  result. 
The  location  of  a  division  box  is  shown  on  figure  1  in  the  upper  left 
corner. 

DROP  STRUCTURES 

When  a  ditch  is  dug  on  a  steep  grade  the  water  must  somehow  be 
kept  from  flowing  so  fast  that  it  erodes  the  bed  or  banks.  This  may 
be  done  by  installing  drop  structures.  A  wood  drop  structure  is  shown 
in  figure  18  and  a  concrete  drop  in  figure  19.  The  wooden  drop  struc- 
ture is  built  of  creosoted  lumber  and  is  not  as  permanent  as  one  built 
of  masonry,  but  has  the  advantage  of  being  more  or  less  easy  to  move. 
Wet  earth  must  be  tightly  compacted  around  the  wall  of  such  structures 
or  undercutting  is  sure  to  result.  Drop  structures  are  shown  in  figure 
1,  located  along  the  left  side  of  the  layout. 

INVERTED  SIPHON  AND  FLUME 

A  method  of  carrying  irrigation  water  across  gullies  and  under  lanes 
or  other  obstacles  is  shown  in  figure  20.  Water  is  carried  across  deep 
gullies  or  other  deep  depressions  by  elevated  flumes.  Water  is  carried 
underneath  roadways  or  other  such  obstacles  by  means  of  an  "inverted 
siphon."  This  inverted  siphon  is  generally  made  of  concrete  pipe  for 
small  flows.  The  larger  siphons  are  generally  made  of  concrete  poured 
in  place.    The  rate  of  flow  through  the  siphon  will  depend  on  the 


difference  in  elevation  between  the  inlet  and  the  outlet.    Figure  20 
shows  such  a  structure. 

Emergency  Drop  Structures,  Checks,  and  Turn-outs 

Irrigators  have  found  it  helpful  to  use  gunny  sacks  for  building 
emergency  structures.  By  filling  sacks  with  sand  or  coarse  sandy 
soil,  drops  of  all  sizes  may  be  made,  as  well  as  small  checks  (fig.  21). 
Emergency  repairs  to  canal  or  lateral  banks  can  be  made  with  sand- 
bags without  interrupting  the  flow. 

A  convenient  and  fairly  permanent  canal  turn-out  can  be  made 
with  gunny  sacking  as  shown  in  figure  21.  The  following  steps  will 
assure  good  results : 

1.  Wet  the  square  of  sack  material  and  spread  on  the  ditch  bank  as 
shown  at  A,  B,  C,  D. 

2.  Using  the  point  of  the  irrigation  shovel,  starting  at  E  push  the 
edge  of  the  sacking  firmly  into  the  mud,  as  shown  by  dotted  line  E, 

3.  Kaise  the  edge  of  the  sacking  CD  in  the  left  hand  and  with  the 
shovel  remove  dirt  from  the  ditch  bank  at  H. 

4.  Pat  the  sacking  at  H  until  sufficient  flow  passes  over  it.  The 
volume  of  flow  may  be  controlled  by  raising  and  lowering  the  sack- 
ing at  H,  either  by  using  a  shovelful  of  dirt  or  a  folded  piece  of  sack- 
ing. 

5.  The  edge  of  the  sacking  CD  is  put  in  position  as  shown  to  pre- 
vent erosion  of  the  ditch  bank. 

IRRIGATION  EQUIPMENT 

Getting  land  ready  for  irrigation  and  keeping  it  in  shape  calls 
for  special  equipment  not  generally  found  on  dry-land  farms,  such 
as  leveler  floats,  ditcher,  and  so  on.  Heavy-duty  equipment,  not 
shown  here,  is  needed  for  clearing,  grading,  and  leveling  land  for 
irrigation,  but  there  are  many  types  of  lighter  equipment  useful  in 
finishing  the  process  of  preparing  the  land  and  keeping  it  level. 
After  the  land  surface  has  been  smoothed  by  leveling,  care  must  be 
exercised  even  in  plowing  operations  not  to  leave  ridges  and  dead 
furrows  which  are  a  hindrance  to  proper  water  distribution.  Use 
of  the  two-way  plow  shown  in  figure  22  will  avoid  dead  furrows 
and  ridges. 
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Other  field  operations  such  as  disking,  listing,  and  potato  digging 
tend  to  roughen  the  land  surfaces  making  water  application  difficult. 
To  correct  these  irregularities  the  irrigation  float  is  used  several 
times  each  season.  For  filng  holes  or  placing  dirt  in  the  ditch- 
bank  the  buck  scraper  or  the  cutting  float  (fig.  23)  is  a  convenient 
implement. 

Other  pieces  of  equipment  that  may  be  found  on  most  irrigated 
farms  are  the  ditcher,  the  corrugator,  and  the  border  drag.  Much 
of  this  equipment  can  be  made  at  home,  and  construction  details  and 
materials  needed  are  listed  with  the  drawings.  Many  efficient  com- 
mercially made  implements  are  readily  available  from  dealers  in 
most  irrigated  communities. 

PLOWS 

Correct  plowing  practices  are  important  if  field  surfaces  are  to 
be  kept  from  becoming  uneven  and  difficult  to  irrigate.  On  dry-land 
farms  it  is  common  practice  to  use  ordinary  plows  and  to  plow  fields 
in  lands,  as  shown  in  the  left-hand  corner  of  figure  22.  Soil  is  moved 
outward  from  the  dead  furrow  each  season,  resulting  in  development 
of  high  and  low  areas. 

Experienced  irrigation  farmers  prefer  a  two-way  plow,  which  it 
is  possible  to  use  without  producing  a  dead  furrow  and  without  leav- 
ing an  uneven  surface,  as  shown  in  the  right-hand  corner  of  figure 
22.  In  using  the  two-way  plow  one  plow  is  lowered  for  operation 
and  one  is  raised  as  shown  in  the  lower  left  corner  of  figure  22. 
When  once  across  the  field,  the  other  plow  is  lowered  and  the  first 
plow  raised  for  the  return  trip.  The  irrigation  leveler  float  should 
be  used  occasionally  to  remove  minor  irregularities. 

BUCK  SCRAPER  AND  CUTTING  FLOAT 

The  buck  scraper  shown  in  figure  23  is  a  convenient  and  economical 
implement  in  land-leveling  operations.  It  is  particularly  useful  in 
moving  earth  from  high  spots  and  filling  low  spots.  When  drawn 
by  a  team  of  horses,  it  may  be  used  while  water  is  being  applied  to 
borders.  After  the  space  between  border  dikes  has  been  leveled  with 
the  float,  water  may  be  turned  in  and  the  leveling  process  finished 
as  the  low  and  high  spots  are  revealed.  The  cutting  float  (fig.  23) 
is  used  in  somewhat  the  same  manner  but  is  drawn  by  tractor  power 
and  is  not  adapted  to  wet  leveling. 


IRRIGATION  LEVELER  FLOAT 

The  irrigation  leveler  float  shown  in  figure  24  is  used  to  produce  a 
uniform,  smooth  land  surface,  free  from  minor  irregularities,  over 
which  water  may  be  evenly  distributed.  In  order  to  function  properly 
the  float  should  be  not  less  than  18  feet  long.  It  should  have  at  least 
one  adjustable  cross  member  to  allow  for  variable  soil  conditions.  The 
use  of  divided  rollers  makes  turning  easier  and  reduces  draft.  Many 
types  of  floats  are  available,  both  commercial  and  home-made.  The 
irregularities  produced  by  farming  operations  make  the  use  of  the  float 
desirable  each  season  on  all  irrigated  fields. 

DITCHER 

Canals  and  large  ditches  are  made  with  special  ditching  equipment. 
But  smaller  ditches  and  field  laterals  can  be  made  by  ditchers  such  as 
that  shown  in  figure  25.  This  ditcher  is  easily  and  cheaply  made  at 
home.     Its  design  and  operation  are  self-explanatory. 

ADJUSTABLE  CROWDER 

The  adjustable  crowder  (fig.  26)  is  essentially  a  one-way  ditcher, 
adapted  to  making  various-width  ditches  by  adjusting  the  spreader 
board  between  the  runner  and  the  crowder.  Several  furrows  are  first 
plowed  to  loosen  the  dirt.  Then  the  crowder  with  the  crowder  board 
leaning  upward  and  outward  crowds  the  dirt  to  one  side  to  form  the 
ditchbank.  This  operation  is  then  repeated  in  the  opposite  direction 
to  form  the  bank  on  the  other  side. 

THE  CORRUGATOR 

The  corrugator  (fig.  26)  is  used  to  make  small  furrows  or  corruga- 
tions for  conducting  irrigation  water  over  the  ground  surface.  Cor- 
rugations are  particularly  adapted  to  watering  grain  or  hay  crops  on 
irregular  fields  or  for  new  fields  which  have  not  been  thoroughly  leveled 
and  floated.  The  runners  are  commonly  made  of  4-inch  by  6-inch 
material  spaced  30  inches  apart.  This  spacing  may  vary,  however, 
depending  on  the  soil  and  slope  of  the  land. 

TORPEDO-TYPE  FURROW  OPENER 

The  torpedo-type  furrow  opener  is  used  on  flat  land  and  porous  soil. 
Its  operation  and  construction  are  shown  in  figure  27.    The  disk  at  the 
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head  of  the  torpedo  opens  the  furrow  and  the  weight  of  the  concrete 
barrel  packs  down  the  earth  as  the  torpedo  is  dragged  through  the  fur- 
row. By  driving  at  ordinary  speeds,  good  alignment  can  be  accom- 
plished. The  smooth-packed  furrow  allows  irrigation  water  to  run 
at  a  uniform  rate  to  the  lower  end  of  the  field  with  a  minimum  of  deep- 
percolation  losses. 


BORDER  DRAG 

The  border  drag  shown  in  figure  28  is  used  to  build  border  dikes  like 
those  shown  in  figure  10.  There  are  other  types  of  implements  used 
for  building  the  border  dikes,  depending  on  the  size  of  the  borders,  the 
slope  of  the  land,  etc.  The  type  shown  in  figure  28  is  a  home-made 
wooden  drag. 


PUMPING  IRRIGATION  WATER  FROM  WELLS,  LAKES,  OR  STREAMS 


Several  illustrations  which  follow  show  pump  installations  for 
raising  water  from  wells,  lakes,  or  streams.  In  order  that  the  proper 
pump  and  power  plant  may  be  selected  it  is  necessary  to  have  informa- 
tion regarding  the  rate  of  flow  required,  the  distance  the  water  must  be 
lifted,  and  other  factors  such  as  the  friction  head  in  the  pipe  and  the 
friction  loss  in  elbows,  foot  valves,  etc.  Unless  the  proper  pump  is 
selected,  the  efficiency  may  be  low  and  the  cost  of  operation  higher  than 
necessary. 

Many  types  of  pumps  and  power  plants  are  now  available.  There 
is  a  marked  tendency,  however,  to  use  high-speed  Diesel  engines  or 
electricity  on  the  greater  lifts. 

TURBINE  AND  PROPELLER-TYPE  IRRIGATION 

PUMPS 

The  turbine-type  irrigation  pump  (fig.  29)  is  adapted  to  lifting 
water  from  wells  of  various  diameters  and  through  various  heads, 
from  a  few  feet  to  several  hundred  feet.  The  characteristics  of  the 
pump  are  determined  largely  by  the  design  of  the  bowl  assembly  and 
the  speed  of  the  impeller  shaft. 

In  order  to  determine  the  type  of  pump  and  design  of  bowl  assembly 
required  for  the  best  efficiency  under  given  conditions,  the  manufac- 
turers should  have  the  following  information : 

1.  The  discharge  of  the  well  at  various  stages  of  draw-down.  This 
is  determined  by  a  pump  test  of  the  well. 

2.  The  diameter  of  the  well  casing. 

3.  The  type  of  power  to  be  used  for  driving  the  pump. 

Where  three-phase  electrical  energy  is  available,  the  direct-con- 
nected motor  drive  may  be  used.  Other  types  of  drives  for  the  turbine 
pump  are  shown. 


The  propeller  type  piunp  is  adapted  to  lifting  large  volumes  of 
water  through  low  heads.  In  irrigation  practices  it  is  used  to  deliver 
water  from  a  stream  or  lake  to  a  canal  at  higher  level  or  from  a  low- 
level  canal  to  one  at  a  higher  level.  The  same  types  of  drives  as  shown 
for  the  turbine  are  adapted  to  the  propeller  pump.  In  order  to  deter- 
mine the  type  of  pump  required  for  the  best  efficiency  under  given 
conditions,  the  manufacturers  should  be  given  the  following  informa- 
tion : 

1.  The  discharge  required  in  gallons  per  minute  or  cubic  feet  per 
second. 

2.  The  total  head  or  lift  in  feet. 

3.  The  type  of  power  available. 

INSTALLATION  OF  A  HORIZONTAL  CENTRIFUGAL 

PUMP 

The  horizontal  centrifugal  pump  (fig.  30)  is  well  adapted  to  pump- 
ing from  streams  or  lakes  or  from  one  canal  to  another.  The  charac- 
teristics of  this  type  of  pump  are  determined  largely  by  the  design 
and  speed  of  the  impeller.  The  manufacturers  should  have  the  fol- 
lowing information  in  order  to  furnish  a  pump  which  will  give  the 
best  efficiency  under  given  conditions. 

1.  The  quantity  of  water  to  be  derived  in  gallons  per  minute  or 
cubic  feet  per  second. 

2.  The  total  head,  or  lift,  in  feet. 

3.  The  type  of  power  available  and  the  probable  speed  at  which  the 
pump  will  operate. 

The  total  lift,  or  head,  includes  not  only  the  actual  vertical  distance 
in  feet  to  which  water  will  be  lifted  as  A  plus  B  in  figure  30,  but  also 
the  friction  head  in  the  pipe  and  pipe  fittings. 
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The  size  of  the  suction  and  discharge  pipe  must  be  adapted  to  the 
quantity  of  water  to  be  pumped.  The  table  shown  in  figure  30  indi- 
cates the  lost  head  due  to  friction  per  100  feet  of  pipe  length,  as  well 
as  the  losses  through  pipe  fittings  in  terms  of  equivalent  length  of 
pipe. 

An  example — see  sketch  in  upper  left  corner  figure  30 : 

Let  A+B=20  feet  actual  head. 

Let  C+E=200  feet  actual  length  of  8-inch  discharge  and  suction  pipe. 

D=Medium-sweep  elbow,  equivalent  to  13.6  feet  of  8-inch  pipe. 
F=Standard  elbow,  equivalent  to  21.7  feet  of  8-inch  pipe. 

Compute  total  head  when  pump  is  delivering  1,000  gallons  per  minute. 

An  8-inch  pipe  has  3.02  feet  of  friction  head  for  100  feet  of  pipe  length 
when  carrying  1,000  gallons  per  minute.  The  total  head  is  calculated  on 
the  basis  of  total  length  of  pipe  plus  the  equivalent  length  for  fittings. 
In  the  example  it  is  200+13.6+21.7  or  235.3  feet  of  8-inch  pipe.  Since 
the  friction  head  is  given  per  100  feet  of  pipe  it  is  necessary  to  divide 
235.3  by  100,  giving  2.353.  This,  multiplied  by  3.02,  gives  7.05,  the  friction 
head  for  235.3  feet  of  8-inch  pipe.  The  total  head  is  then  7.05  friction 
head  plus  20  feet  actual  head  or  27.05  feet. 

There  is  a  slight  additional  loss  due  to  the  foot-valve  resistance  and  other 
factors. 

The  friction-loss  table  is  based  on  commonly  used  pipe. 

PUMPING  FROM  A  STREAM  OR  POND 

Water  for  garden  irrigation  can  be  pumped  from  ponds  and  streams 
if  the  lift  is  not  too  great.  A  small  horizontal  centrifugal  pump  set 
not  higher  than  10  feet  above  the  water  and  powered  by  a  gasoline 
engine  is  the  equipment  ordinarily  used.  Pumps  of  the  type  may  be 
had  in  sizes  which  will  deliver  from  30  to  1,000  gallons  or  more  per 
minute.  See  figure  31  for  illustration  of  pumping  system  for  streams 
or  ponds. 

PUMPING  FROM   SHALLOW  IRRIGATION  WELLS 

Along  river  bottoms  where  the  ground  water  level  is  always  within 
10  feet  or  less  of  the  surface,  small  irrigation  wells  may  be  success- 
fully used  for  the  irrigation  of  farm  gardens.  Casings  for  such  wells 
are  ordinarily  made  from  sheet  metal  slotted  to  permit  water  to  enter. 
In  some  instances  old  range  boilers  with  the  ends  cut  out  are  welded 
together  and  slotted  with  a  welding  torch.  Small  centrifugal  pumps 
set  at  ground  surface  are  quite  satisfactory.  A  diagrammatic  section 
of  a  shallow-well  pump  is  shown  in  figure  31. 


A  POWER-REQUIREMENT  CHART  FOR  PUMPING 

By  means  of  the  chart  shown  in  figure  32  it  is  possible  to  determine 
power  requirements,  fuel  consumption,  and  electrical  energy  costs  at 
various  pumping-plant  efficiencies  and  at  various  lifts. 

At  A  at  the  upper  left  is  the  scale  of  lifts  from  0  to  80  feet.  The  lift 
must  include  not  only  static  head  but  friction  and  velocity  heads  as 
well. 

At  B,  upper  center,  over-all  plant  efficiencies  are  represented.  Over- 
all efficiencies  in  small,  irrigation  pumping  plants  run  from  40  to  60 
percent. 

On  the  line  XX  is  shown  horsepower  values  when  pumping  1,000 
gallons  per  minute. 

In  the  center  of  the  chart,  at  C,  the  fuel  consumption  of  various  types 
of  engines  is  represented. 

The  approximate  number  of  horsepower-hours  developed  per  gallon 
of  fuel  for  various  types  of  engines  is  given  below  : 

„  .  .  Horsepower-hour* 

Type  of  engine :  per  gauon  of  fuel 

Gasoline  engines  in  poor  repair 6  to  7 

Gasoline  engines  in  good  repair 8  to  9.5 

Engines  using  fuel  oil,  semi-Diesel,  etc 9  to  11 

High  speed  Diesel = 11  to  14.5 

At  the  lower  part  of  the  chart,  at  E,  is  given  the  power  cost  in  dollars 
per  acre-foot  of  water  pumped  at  various  rates  in  cents  per  kilowatt- 
hour. 

The  line  TY  at  the  bottom  of  the  chart  represents  the  power  re- 
quired in  kilowatts,  when  pumping  1,000  gallons  per  minute. 

USE  OF  THE  CHART 

The  use  of  the  chart  is  shown  by  the  following  example : 
The  lift  of  a  given  irrigation  pump  is  -±5  feet;  the  over-all  efficiency 
of  the  plant  is  estimated  at  50  percent.  What  will  be  the  horsepower 
required  to  pump  1,000  gallons  per  minute  ?  How  many  gallons  of  fuel 
will  be  required  to  pump  an  acre-foot  of  water,  using  fuel  oil  in  an 
engine  other  than  Diesel  ?  What  would  be  the  cost  in  dollars  per  acre- 
foot,  using  electricity  at  2  cents  per  kilowatt-hour? 

Starting  at  the  upper  left-hand  margin  locate  the  lift,  45  feet  is  at 
point  A.  Follow  to  the  right  until  the  50-percent  efficiency  line  is 
intersected  at  point  B. 
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POWER  REQUIREMENTS- FUEL  CONSUMPTION  AND  ELECTRICAL 
ENERGY  COSTS  AT  VARIOUS  PUMPING  PLANT  EFFICIENCIES. 
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From  point  B  follow  downward  until  the  line  XX  is  intersected.  It 
will  be  noted  that  23  horsepower  is  required  to  pump  1,000  gallons 
per  minute.  Continue  downward  until  the  line  representing  10  horse- 
power-hours per  gallon  is  intersected  at  C.  From  the  point  G  follow 
to  the  left  to  the  point  D,  which  shows  that  12.5  gallons  of  fuel  will 
be  required  to  pump  an  acre-foot  of  water. 

If  the  cost  in  dollars  per  acre-foot  is  required,  with  electrical  en- 
ergy costing  2  cents  per  kilowatt-hour,  follow  downward  from  point 
C  to  point  E  on  the  diagonal  line  showing  2  cents  cost.  From  point  E 
follow  to  the  left  to  point  F,  which  shows  the  cost  of  pumping  1  acre- 
foot  of  water  under  the  given  conditions  to  be  $1.90. 


If  the  electrical  load  is  required,  follow  downward  from  E  to  Point 
6-,  which  shows  a  value  of  17  +  . 

If  lifts  other  than  those  shown  are  to  be  used,  certain  allowances 
must  be  made  If  values  for  a  100-foot  lift  are  desired,  those  given 
for  a  50-foot  lift  may  be  doubled,  etc. 

PUMP  HOUSE 

Figure  33  shows  dimensioned  drawing  of  a  small  pump  house  and 
division  box.  For  larger  equipment  the  pump  house  would  have  to 
be  expanded  accordingly. 
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